The present studies have examined the effects of mitogens on induction of early response gene expression in normal peripheral blood T and Jurkat cells. Pokeweed mitogen (PWM) or anti-CD3 significantly increases c j u n messenger RNA (mRNA) levels in T cells. This transient PWM-related increase in c j u n transcripts is maximal after 15 to 30 minutes of exposure of T cells to PWM. PWM induces c j u n gene expression in a concentration-dependent manner. Moreover, PWM similarly induces expression of other genes coding for leucine zipper transcription factors, ie,jun-B and c-fos. Nuclear run on assays demonstrate that PWM treatment is associated with an increased rate of c-jun gene transcription. Transient expression assays with c j u n promoter fragments linked to the chloramphenicol acetyltransferase gene suggest that the PWM-induced increase in transcription is mediated by the AP-1 transcription factor complex. Moreover, treatment of T cells with actinomycin D to block further transcription before their culture with HE c-jun PROTO-ONCOGENE is the cellular counter-T part of the ASV 17 transforming and is induced as an immediate early event by serum: growth factor^,^-^ phorbol esters," and DNA-damaging agents.l'-13 The protein product of the c-jun gene codes for a major form of the AP-1 transcription factor complex. 14-'' Other studies have demonstrated that c-jun is a member of a multigene family of mammalian transcription factors, which also includes jun-B, jun-D, c-fos, fos-B, and fra-I .19- 21 The products of this gene family contain a highly conserved DNA-binding domain and leucine zipper motif. Dimerization of these proteins allows the DNA-binding region to recognize and bind to the heptameric DNA consensus sequence TGAG/C TCA (TPA-responsive element [TRE] ).22,23 The c-Jun protein also increases transcription of the c-jun gene by an autoregulatory mecha n i~m . *~ In contrast, Jun-B functions in the downregulation of certain genes activated by ~-Jun.'~,*~ Preliminary studies have examined gene regulation during T-cell activation.*' For example, it was recently reported that inhibition of protein phosphatases by okadaic acid induces c-jun gene expression in human T cells.*' However, the role of early response genes in T cells triggered by antigen (Ag) or mitogens has not been defined.
Human T lymphocytes can regulate human B-lymphocyte activation and differentiation by their production of B-cell 0 1993 by The American Society of Hematology.
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PWM suggests that the increase in c j u n gene expression by PWM is also regulated at least in part by a posttranscriptional mechanism. Cycloheximide does not alter c j u n mRNA induction by PWM. Finally, given that PWM induces B-cell differentiation in an interleukin-6 (IL-6)-mediated, T-cell-dependent manner, the relationship of c j u n and IL-6 gene expression in PWM-stimulated T cells was examined. The induction of IL-6 mRNA in T cells stimulated by PWM occurs after maximal induction of c-jun mRNA, at a time when the latter is no longer detectable. These findings suggest that PWM induces c-jun gene expression in T cells by a transcriptional and posttranscriptional mechanism and that AP-1 confers PWM inducibility of this gene. Because the IL-6 promoter has several potential transcriptional control elements, one of which is an AP-1-binding site, future experiments will evaluate the role of c-jun in the regulation of PWM-induced IL-6 synthesis by T cells. 
growth and differentiation
The CD4+/CD45RA-T-cell subset, for example, contains cells able to proliferate in anamnestic responses to soluble antigens and to provide help for polyclonal and Ag-specific antibody re~ponses.~'-~~ In contrast, the CD4+/CD45RA+ T cells induce suppression of polyclonal secretion of antibodies and consist primarily of naive (unexposed to Ag) helper T ~e l l s .~~-~~ The major lymphokine mediating B-cell differentiation is interleukin-6 (IL-6), originally purified and its gene cloned from a human T-cell iymphotropic virus-1 (HTLV-1)-transformed T-cell line.39-41 IL-6 is also produced by monocytes and B ~e l l s .~* ,~~ Pokeweed mitogen (PWM)-driven B-cell differentiation in vitro is both T-cell and monocyte dependent and IL-6 mediated, because neutralizing anti-IL-6 antibody can abrogate Ig s e c r e t i~n .~* -~ Moreover, recent studies suggest that IL-6 messenger RNA (mRNA), which is absent in T cells, can be induced in T cells and monocytes by PWM: ' in T cells by the combination of 12-0-tetra decarboxylphorbol-1 3-acetate (TPA)/phytohemagglutinin (PHA), but not either TPA or PHA alone:3 or by infection of T cells with HTLV-1.46 Nonetheless, to date little is known of c-jun expression in T cells triggered with PWM or of its possible function and significance.
In this study, we examine the effects of T-cell mitogens on the regulation of c-jun gene expression in human peripheral blood T lymphocytes. Although PHA did not significantly effect c-jun mRNA expression, both PWM and anti-CD3 markedly increase the level of c-jun mRNA transcripts in T cells. This induction is regulated at the transcriptional level and conferred through the AP-1 transcription factor complex. Because PWM induces T-cell-dependent B-cell differentiation in an IL-6-dependent manner, the relationship of c-jun and IL-6 gene expression in T cells triggered by PWM was examined. IL-6 mRNA is induced in PWM-stimulated T cells later than maximal c-jun mRNA expression, at a time when the latter is no longer evident. Given that the IL-6 promoter also contains an AP-1 -binding site, it is possible that the PWM-induced c-jun gene product in T cells regulates IL-6 secretion and related B-cell-differentiative effects. 
MATERIALS AND METHODS
Human peripheral blood (PB) was obtained from healthy donors and PB mononuclear cells (PBMC) were isolated by centrifugation on Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density ~edimentation.4~ After three washes with Hanks Balanced Salt Solution (HBSS), the cells were resuspended in RPMI 1640 medium supplemented with 100 U/mL penicillin, 100 pg/mL streptomycin, and 2 mmol/L L-glutamine containing 10% heat-inactivated fetal bovine serum (FBS). Cells were adhered for 1 hour at 37°C on plastic petri dishes to deplete monocytes; nonadherent cells were harvested and T lymphocytes were isolated by double rosetting with sheep red blood cells (SRBC) as previously described!' T cells were greater than 99% CD3+ and CD1 I + as assessed by indirect immunofluorescence. The Jurkat cell line was maintained in suspension culture in RPMI 1640 supplemented with 10% heat-inactivated FBS, 100 U/ mL penicillin, 100 pg/mL streptomycin, and 2 mmol/L L-glutamine.
The purified T cells were resuspended in RPMI 1640 with 10% FBS and cultured for 3 to 4 hours at 37°C before stimulation with either the RW2-4B6 anti-CD3 monoclonal antibody (MoAb) (1:250), PWM (1:400) (Sigma Chemical, St Louis, MO), or PHA (1 pg/mL) (GIBCO, Gaithersburg, MD) at concentrations known to induce 2 4 X lo5 cpm '[Hlthymidine uptake at 72 hours. Cells were also treated with actinomycin D (10 pg/mL; Sigma) or cycloheximide (10 pg/mL, Sigma).
Total cellular RNA was isolated by a modification of the guanidine-isothiocyanate technique as previously de~cribed.4~ Total cellular RNA (20 pg/lane) was subjected to electrophoresis in a 1% agarose/2.2 mol/L formaldehyde gel, transferred to nitrocellulose paper, and hybridized to one ofthe following 32P-labeled DNA probes: (1) the 1.8-kb BamHI/ EcoRI insert of the human c-jun DNA probe containing a 1.0-kb cDNA and 0.8-kb 3' untranslated sequences purified from a p Bluescript SK(+) plasmidi6; (2) the 1.8-kb EcoRI fragment ofthe murine jun-B cDNA purified from the p465.20 plasmid5; (3) the 0.9-kb ScaI/ NcoI fragment of the human c-fos DNA consisting of exons 3 and 4 purified from the pc-fos-I plasmid5'; (4) the pAl plasmid containing a 2.0-kb Pst I insert of the chicken 0 actin gene"; and (5) the Ban 11-Taq I fragment nucleotides 215 to 657 of a full-length IL-6 cDNA4' (provided by Dr S. Clark, Genetics Institute, Cambridge, MA). The hybridizations were performed for 16 to 24 hours at 42°C in 50% (vol/vol) formamide, 2X SSC (SSC 0.15 mol/L sodium chloride, 0.015 mol/L sodium citrate), 1X Denhardt's solution, 0.1% (wt/vol) sodium dodecyl sulfate (SDS), and 200 pg/mL salmon sperm DNA. Filters were washed and exposed to Kodak X-Omat XAR film (Eastman Kodak, Rochester, NY) using an intensifying screen. The autoradiograms were scanned using a laser densitometer.
Normal human PB T cells were treated as indicated, pelleted at 500g, and washed twice with ice-cold phosphate-buffered saline (PBS). The cells were then resuspended in 4 mL of ice-cold lysis buffer (10 mmol/L Tris-HCI, pH 7.4, IO mmol/ L NaCI, 3 mmol/L magnesium chloride, 0.5% NP-40), vortexed gently for 20 seconds, and left on ice for 5 minutes. Nuclei were then pelleted at 500g for 5 minutes. The supernatant was removed and the nuclei resuspended in 100 pL glycerol buffer (50 mmol/L Tris-HCI, pH 8.3, 40% glycerol, 5 mmol/L MgClz, 0.1 mmol/L EDTA). An equal volume of reaction buffer (IO mmol/L Tris-HC1, pH 8.0, 5 mmol/L MgC12, 100 mmol/L KCI, 1 mmol/L ATP, 1 mmol/L CTP, 1 mmol/ L GTP, 5 mmol/L DTT) was added to the nuclei suspension and incubated at 26°C for 30 minutes with 250 pCi (o(-~'P) UTP (800 Ci/mmol; NEN, Boston, MA). Transcription was terminated by the addition of40 U DNase 1, 10 mmol/L Tris-HCI, pH 7.4, 100 mmol/ L NaCI, 1 mmol/L Na2 EDTA, 60 pg/mL yeast tRNA, and 150 U/ mL RNasin for 15 minutes at 2 8 T . Proteinase K (750 pg/mL) and Cells.
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1% (vol/vol) SDS were then added for 30 minutes at 37°C. Nuclear RNA was isolated by phenol/chloroform extractions and then ethanol precipitated two times in 2.5 mol/L ammonium acetate. RNA was purified through a spin column prepared with Sephadex G50 equilibrated in and eluted with column buffer (0.3 mol/L NaCI, 0.1% SDS, 1 mmol/L Naz EDTA, 10 mmol/L Tris-HC1, pH 7.5).
Plasmid DNAs containing cloned inserts were digested with restriction endonucleases as follows: ( I ) the 2.0-kb Pst I fragment of the chicken 0 actin pAl plasmid5'; and (2) 1.8-kb BamHI/EcoRI fragment of the human c-jun DNA.I6 The digested DNA was denatured by heating to 65°C for 15 minutes, separated in a 1% agarose gel, and transferred to nitrocellulose filters by the method of Southern. The filters were prehybridized in 5X Denhardt's solution, 40% formamide, 4X SSC, 5 mmol/L Na2 EDTA, 0.4% SDS, and 100 pg/mL yeast tRNA for 2 to 4 hours. Hybridizations were performed with IO7 cpm of "P-labeled RNA per milliliter of hybridization buffer for 72 hours at 42°C. The filters were then washed in 2X SSC and 0. I% SDS at 37°C for 30 minutes, 10 pg/mL RNase A in 2X SSC at 37°C for 20 minutes, and 0.1% SDS and 0. I X SSC at 42°C for 30 minutes.
The autoradiograms were scanned using a laser densitometer.
AP-1 reporter plasmids were kindly provided Reporter assays.
RESULTS
Effect of CD3 and PWM treatment on c-jun mRNA levels in T cells. The effects of T-cell mitogens on c-jun expression were studied i n normal h u m a n PB T cells. PB T cells isolated by SRBC rosetting and maintained i n culture for 3 to 4 hours expressed low to undetectable levels of the 2.7-kb c-jun transcript (Fig 1) . Triggering of these cells through the T-cell receptor with anti-CD3 (Fig IA) or with PWM (Fig 1B) demonstrated a 20-to 30-fold increase i n c-jun transcripts by 15 to 30 minutes. These effects were associated with little change i n the levels of actin transcripts. Similar findings were obtained when Jurkat cells were treated with 2.5 pg/mL PWM. The c-jun m R N A transcripts were transiently induced by 30 minutes and peaked after 3 hours of exposure to PWM, Similar studies were performed with varying concentrations (0.625 to 2.5 pg/mL) of PWM (Fig 2) . While exposure of normal human PB T cells to 1.25 pg/mL PWM for 30 minutes also resulted in increases in c-jzin transcripts, 0.625 pg/ mL PWM had minimal effects. Taken together with the absence of detectable changes in actin mRNA levels, these results indicate that PWM regulates c-jzm expression in a concentration-dependent manner.
l?ffecI of PM'M on jun-B and c-fos mRNA lcvcls in T cells. Because the jzm-B gene shares significant homology with c-jzm and encodes for a protein that activates multimeric TREs.'.~' the effect of PWM treatment on jtm-B transcripts was similarly assayed. As can be seen in Fig 3,jun- odimers with the c$)s gene product, studies were similarly performed to determine the effects of PWM on c:/i,s expression. Although c+s mRNA was undetectable in T cells, treatment with PWM was associated with maximal (6-fold) increases in c$bs transcripts at 30 minutes (Fig 3) . Taken together with studies on c-jzm expression, these findings demonstrated that multiple genes coding for leucine zipper transcription factors are induced by PWM.
Run-on assays were performed to determine whether the effects of PWM on c-jzm expression in T cells are related to increases in the rate of transcription of this gene. The actin gene was constitutively transcribed in T cells and PWM treatment had no effect on the transcription Nuclear run-on assays. rate of this gene (Fig 4) . A low level of c-jzm gene transcription was detectable in T cells cultured in media alone. However, exposure to PWM (2.5 &mL) for 5 minutes was associated with a fivefold increase in the rate of c-jiin gene transcription (Fig 4) . These results suggest that the induction of c-jiin expression by PWM in T cells is regulated at least in part by a transcriptional mechanism.
It has already been reported that c-jun gene is autoinduced by its product Jzm/AP-I . 24 Consequently, studies were performed to determine whether the effects of PWM involve activation of the AP-I consensus sequence in the c-jun promoter. This issue was addressed by performing CAT reporter assays using the plasmids -132/+ I70jztn-CAT and -I32/+ 170 jrin-CAT A AP-I. In -I32/+ I70 jun-CAT transfected T cells, the basal level of CAT activity was increased 1 S-fold (n = 5, P < .025) after PWM treatment (data not shown). In contrast. PWM treatment of T cells transfected with the -132/+ 170jz1n-CAT A AP-1 plasmid demonstrated no increase in CAT activity (data not shown). To confirm the apparent requirement for an AP-I-binding site, the 5X TRE CAT reporter construct was used in similar experiments. CAT activity increased threefold to fourfold (n = 5, P 5 .01) after PWM treatment of cells transfected with this construct (Fig 5) . These data suggest that induction ofjun transcription by PWM requires. at least in part. the AP-I-binding region in the jzin promoter.
To determine whether PWM regulates c-jzm expression by altering mRNA stability. T cells were treated with I O pg/mL actinomycin D to inhibit further transcription. Because the expression of c+m gene in T cells was low, calculation of the half-life of the c-jtin mRNA necessitated overexposure of the blots. Using this method, the half-life ofc-jzm transcripts was approximately 20 minutes (Fig 6A) . In contrast, this half-life was increased to 45 minutes when T cells were pretreated with PWM (Fig 68) .
To determine whether protein synthesis alters c-jun mRNA induced by PWM, T cells in the presence of PWM were cultured with and without cycloheximide. As can be seen in Fig  7, cycloheximide did not effect the induction ofc-jztn mRNA expression in T cells by PWM. 
DISCUSSION
In the present studies, both anti-CD3 and PWM induced an increase in c-jun transcripts that occurred early and was transient. This induction of c-jun mRNA was PWM concentration dependent. Nuclear run-on assays further demonstrated that the induction of c-jun gene expression by PWM in T cells is controlled at the transcriptional level. Moreover, this induction of c-jun is conferred, at least in part, through an AP-I-binding site present in the c-jun promoter, as suggested by the CAT reporter assays. Previous work has demonstrated that c-jun expression is regulated at both the transcriptional and posttranscriptional levels by serum, plateletderived growth factor, and fibroblast growth factor.*' Our finding that the half-life of c-jun transcript in T cells was prolonged by PWM suggested that the c-jun expression is also controlled by a posttranscriptional mechanism. Treatment with cycloheximide and PWM together did not alter the induction of c-jun transcripts, suggesting that de novo protein synthesis is not required for the induction of this gene by PWM. PWM induces IL-6 mRNA in T cells after maximal c-jun mRNA expression and at a time when c-jun mRNA is no longer detectable. Given that (1) PWM mediates T-cell-dependent, IL-6-mediated B-cell differentiation, and (2) the IL-6 promoter also has an AP-I-binding site, the current studies are a first step to further understanding the role of c-Jun in the triggering of IL-6 in T cells by PWM.
Previous studies have shown that T-cell activation involves transient induction of c-fos and c-myc proto-oncogenes, whose expression may also affect the transcriptional control of other gene^.^^-'^ Expression of c-fos has also been shown to be induced by agents capable of initiating T-cell growth and differentiati~n.".~~ Phorbol esters and serum factors are also known to cause the accumulation of c-jun-specific mRNA.56 In recent studies, it has been shown that human T-cell activation through CD69 enhances the binding of AP-1 to TRE binding complexes with a resultant marked increase in transcription ofc,fos. but not c-jun." In contrast, inhibition of protein phosphatases by okadaic acid was found to dramatically increase mRNA transcripts of thejun family, with lesser increases in mRNA transcripts for the fos family." Thus, the pattern of early response gene expression in antigenor mitogen-triggered T cells is complex, and their functional significance at present remains undefined.
The present results suggest that PWM or anti-CD3 can trigger c-jun and IL-6 mRNA expression in T cells. Although unfractionated T cells were used in these studies, it is possible that the observed effects were on a subset of T cells. Specifically, the CD4+/45RA-(CDW29+) T-cell subset contains those T cells that proliferate in anamnestic responses to soluble antigens and provide polyclonal and Ag-specific For personal use only. on September 24, 2017 . by guest www.bloodjournal.org From ing to the AP-1 site of the IL-6 promoter or binding of other early response gene products to the clfos SRE, CRE, or NF-KB binding sites within the IL-6 promoter confer PWM inducibility of this gene.
Other hematopoietic (ie, monocytic) and nonhematopoietic cell types (fibroblasts and endothelial cells) also produce IL-6.65-70 It is also known that the PWM-induced IL-6-mediated induction of Ig secretion by B cells in vitro requires not only T cells, but also monocytes to be present in c~l t u r e ?~.~~ Monocytes may therefore be a source of IL-6 in the PWM cultures. Indeed, we have recently demonstrated induction by PWM of IL-6 mRNA in monocytes. 45 Previous studies in our laboratory have also shown that low levels of c-jun transcripts were detectable in resting human PB monocytes and that human recombinant macrophage colonystimulating factor (M-CSF) was associated with rapid and transient increases in c-jun mRNA level^.^' As was true in the current study for T cells, nuclear run-on assays and mRNA stability studies demonstrated that M-CSF regulates c-jun expression by both an increase in transcription rate and a prolongation in the half-life of c-jun transcripts.
Although not yet elucidated, it is therefore possible that c-jun regulates IL-6 gene expression in monocytes in a manner similar to that demonstrated in T cells. Similar regulatory mechanisms may also be occumng in other cell types, ie, fibroblasts.
B cells can be triggered by T-cell-independent and T-celldependent mitogens to differentiate and secrete Ig in vit1-0.~~"' IL-6, originally known as B-cell-stimulatory factor-2 (BSF-2), has been characterized and molecularly cloned as an interleukin that induces the final maturation of B cells to antibody-producing cells.29"
Moreover, the receptor for IL-6 has been shown to be present on activated B cells.72 Both Staphylococcus Cowan I (SAC) and Epstein-Barr virus (EBV), T-cell-independent B-cell mitogens, can also induce IL-6 mRNA in B ~e l l s ?~,~~ Our preliminary studies of highly purified B cells, in the absence of any accessory T cells or monocytes, suggest that PWM triggers an early and transient increase in c-jun mRNA similar to that observed in T cells. Again, only a subset of B cells appear to be PWM responand thus this upregulation of c-jun mRNA may be occurring in only a subset of cells. Future studies will determine the role of c-jun in the regulation of IL-6 gene expression and its role in accessory cell-independent B-cell differentiation.
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